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′
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The strong decays of two narrow mesons D∗s0(2317) and D
′
s1(2460) are studied
within the framework of heavy hadron chiral perturbation theory. Up to next-to-
leading order in 1/Λχ, by a fit to the experimental widths of their nonstrange part-
ners, the chiral symmetry-breaking coupling constants are extracted. The single-
pion decay widths are estimated to be Γ(D∗s0(2317) → D+s pi0) = 9.2 ± 2.3 KeV and
Γ(D
′
s1(2460) → D∗+s pi0) = 9.0± 2.1 KeV, respectively, which are consistent with the
experimental constraints and comparable with other theoretical predictions. The
numerical analysis shows that chiral-symmetry corrections to the decay widths are
significant. Applications and predictions for the corresponding beauty mesons are
also provided.
PACS numbers: 13.25.Ft, 12.39.Fe, 12.39.Hg.
I. INTRODUCTION
In the last decade, many open charm or hidden charm heavy mesons were discovered,
which contribute to the revival of hadron spectroscopy. Two outstanding mesons among
them are the narrow mesons D∗s0(2317) and D
′
s1(2460), observed in the final states D
+
s π
0
and D∗+s π
0 [1], which are naturally assigned with the quantum numbers Jp = 0+, 1+.
The puzzle is that their measured masses and widths do not match the predictions from
potential-based quark models [2], unexpectedly, i.e. they lie belowDK andD∗K thresholds
respectively and their widths are extremely narrow. Since their discoveries, there have
been lots of experimental investigations[3–5]. Meanwhile, many theoretical papers are
dedicated to the understanding of their underlying structures. Proposed schemes include
the conventional cs¯ (0+, 1+) chiral partners of the (Ds, D
∗
s) doublet in HQET [6–15], DK
molecules [16–20], four-quark states [21–23], Dπ atoms [24], cs¯-cs¯qq¯ admixtures [25], and
admixture of cs¯ and DK-molecule (for D∗s0(2317)) [26].
Quantities, which have different values in different interpretations, would be useful to
distinguish them, such as the decay modes. However, as masses of these two states are
lower than theDK andD∗K thresholds respectively, the potentially dominant s-wave decay
modes D∗s0(2317) → DK and D′s1(2460) → D∗K are kinematically forbidden. Therefore,
the isospin violating strong decays and radiative decays are the promising quantities. In
literatures, many discussions of their strong and radiative decays, and the decays into
2them from the beauty mesons have been presented [7–19, 21, 22, 26, 27]. Moreover, the
branching ratios of their strong and radiative decays were measured quite accurately by
Belle Collaboration [3] and BABAR Collaboration [5]. Nevertheless, the single-pion strong
decay widths, one of the most important quantities, differ significantly from various ap-
proaches. It can be concluded that they are several tens of KeV in the cs¯ scenario for the
small η − π0 mixing angle ∼ 10−2 (see e.g. results in Ref. [10]), while near one hundred
KeV in other scenarios due to additional direct strong isospin-violating transitions (see
e.g. discussions in Ref. [16]). However, a direct experimental judgement of this still needs
to be found. Furthermore, decay widths of their observed non-strange partners cannot be
well fitted by just leading order contributions, as can be seen from the discussions in Ref.
[6, 7]. To decipher this discrepancy, a more careful calculation of their strong decay widths
will be very helpful.
In this work, we assume these two states as the cs¯ (0+, 1+) chiral partners of the (Ds, D
∗
s)
H doublet in HQET and calculate the single-pion strong decays ofD∗s0(2317) andD
′
s1(2460)
by taking into account the chiral symmetry-breaking corrections within the framework of
heavy hadron chiral perturbation theory (HHχPT ) [28]. The method is a combination of
HQET and chiral perturbation theory. The decays occur through two steps: D∗s0(2317)→
Ds + η → Ds + π0 and D′s1(2460) → D∗s + η → D∗s + π0, shown in Fig. 1. As is known,
the mass of s quark is much larger than that of u and d. Therefore, the chiral symmetry-
breaking corrections are expected to be significant.
To calculate the chiral-symmetry breaking corrections in HHχPT , a large amount of
unknown coupling constants need to be determined with the experimentally measured
decay rates of the S doublet mesons listed in Table II. However, before 2015, there had
existed a puzzle on the charged and neutral 0+ states D∗±0 and D
∗0
0 ever since they were
discovered in 2004 [29, 30], which are predicted to be degenerated in both masses and
decay widths in the quark model [2]. In other words, though their measured widths were
degenerate within the errors, the measured masses were severely splitted, which would
result in very different decay rates in HHχPT because of the different phase spaces. But
it is exciting that, in 2015, the new experiments on D∗±0 done by LHCb collaboration
[32, 33] greatly suppressed the gap between the masses of D∗±0 and D
∗0
0 :
MD∗±
0
−MD∗0
0
∼ 90MeV(before 2015)→∼ 30MeV(after 2015), (1)
D∗+s0 (2317) D+s
η
π0
(a)
D+s0(2460) D
∗+
s
η
π0
(b)
FIG. 1: (a) D∗+s0 (2317) → D+s + η → D+s + pi0, (b) D
′+
s1 (2460)→ D∗+s + η → D∗+s + pi0.
3TABLE I: Renewed experimental values of the masses and widths of D∗±0 [31].
Mass(MeV) Γ(MeV) Comment
2351 ± 7 230 ± 17 PDG average (2016)[31]
2360 ± 15± 30 255 ± 26± 51 LHCb B0 → D¯0K+pi− (2015)[32]
2349 ± 6± 4 217 ± 13± 13 LHCb B0 → D¯0pi+pi− (2015)[33]
2403 ± 14± 35 283 ± 24± 34 FOCUS γA (2004)[29]
TABLE II: Experimentally measured masses and widths of the observed S doublet heavy-light
mesons and observed single-pion strong decay modes (SPSDMs). All the results are from the
PDG [31], and the quoted bounds are at 95% CL.
JP Mass(MeV) Γ(MeV) observed SPSM
D∗00 (2400) 0
+ 2318 ± 29 267 ± 40 D+pi−
D∗±0 (2400) 0
+ 2351 ± 7 230 ± 17 D0pi+
D
′0
1 (2430) 1
+ 2427 ± 26± 25 384±10775 ±74 D∗+pi−
D∗s0(2317) 0
+ 2317.7 ± 0.6 < 3.8 D+s pi0, D∗+s pi0
D
′
s1(2460) 1
+ 2459.5 ± 0.6 < 3.5 D∗+s pi0, D+s pi0
as can be seen from Table I. This suppression helps to determine the chiral symmetry-
breaking coupling constants and finally predict more accurately the decay rates of
D∗s0(2317) and D
′
s1(2460).
This paper is organized as follows. In Section II, we incorporate the doublets into the
effective heavy hadron chiral Lagrangian, which is written out to terms of next-to-leading
order in 1/Λχ. In Section III, we discuss single-pion strong decays of charmed heavy mesons
and the corresponding beauty ones in the heavy quark spin-flavor symmetry. Numerical
calculation and the results are discussed in Section IV, including a brief summary.
II. THE CHIRAL LAGRANGIAN
The strong decays of excited heavy-light mesons involve the emission of soft pions and
kaons, and hence it is useful to analyze these interactions with the chiral perturbation
theory [28]. The octet of light pseudoscalar mesons is introduced through the definition
Σ = ξ2 = exp(2iM/fpi), where
M = πiλi =


1√
2
π0 + 1√
6
η π+ K+
π− −1√
2
π0 + 1√
6
η K0
K− K¯0 −
√
2√
3
η

 . (2)
4The heavy-light mesons are customarily cataloged by the total angular momentum of the
light degrees of freedom spl (p denotes the parity), which is a good quantum number because
of heavy quark spin symmetry in the heavy quark limit mQ →∞. In this paper, only two
doublets, H doublet (0−, 1−) and S doublet (0+, 1+), corresponding to spl = 1/2
−, 1/2+ are
discussed, which can be respectively represented by the superfields Ha =
1+v/
2
[P ∗aµγ
µ−Paγ5]
(a = u, d, s, a light flavor index), where P ∗aµ and Pa annihilate the vector and pseudoscalar
mesons, and Sa =
1+v/
2
[P
′
1aµγ
µγ5 − P ∗0a] for the axial-vector P ′1aµ and scalar P ∗0a mesons.
Considering heavy quark spin-flavor symmetry and light quark chiral symmetry, an
effective Lagrangian responsible for the strong decay S → HM (M is a light pseudoscalar
meson) can be written with these superfields. The leading order contribution in 1/Λχ and
1/mQ is
Lmix = hTr[H¯bSaA/abγ5] + h.c.. (3)
According to Refs.[34, 35], the corresponding chiral symmetry breaking corrections to the
Lagrangian Eq. (3) to next-to-leading order in 1/Λχ read
Lsbmix = 1/Λχ{κ1Tr[(H¯SA/γ5)ab(mξq)ba] + κ2Tr[(H¯SA/γ5)aa(mξq)bb]
+ κ3Tr[H¯aSaA/bcγ5(mξq)cb] + κ4Tr[H¯cSaA/bcγ5(mξq)ab]
+ κ5Tr[H¯aSbiv · DbcA/caγ5] + κ6Tr[H¯aSbiD/bcv · Acaγ5]}+ h.c.. (4)
Meanwhile, the effective Lagrangian responsible for η−π0 mixing, through which the pionic
decays of D∗s0(2317) and D
′
s1(2460) occur, can be described by the isospin violating piece
in the chiral Lagrangian
Lη−pi0 = m
2
pif
2
pi
4(mu +md)
Tr[m†qΣ + Σ
†mq]
=
m2pi(mu −md)√
3(mu +md)
π0η + · · · . (5)
Herein, H¯a = γ
0H†aγ
0, andDµab = δab∂µ−Vµab. In the expressions, Vµ = 1/2(ξ†∂µξ+ξ∂µξ†)
and Aµ = i/2(ξ†∂µξ − ξ∂µξ†) are the light meson vector and axial currents, containing an
even number and an odd number of pseudoscalar fields, respectively. DµabAνbc = ∂µAνac +
[Vµ,Aν]ac. And the chiral symmetry-breaking scale Λχ is set to be Λχ = 1 GeV. The 3× 3
mass matrix is mq = diag(mu, md, ms), and m
ξ
q = ξmqξ + ξ
†mqξ†.
Note that a full calculation of the strong decays should also contain, in addition to the
chiral symmetry-breaking corrections, the heavy quark symmetry breaking corrections in
1/mQ. However, if the 1/mQ corrections are also included, the number of free parameters
to be determined will be too larger compared with the number of experimentally measured
decay rates of the S doublet heavy mesons, thus heavily weakens the effectiveness of the
χ2 fitting. Moreover, the lattice QCD studies [36, 37] of the strong couplings of heavy
mesons indicate that these 1/mQ corrections seem not to be significant but pointed out
the importance of controlling chiral corrections. And based on these lattice researches,
5chiral loop corrections to strong decays of non-strange charmed mesons in S doublet have
been studied in the Ref. [35], obtaining pretty good results. Therefore, we just concen-
trate on the chiral symmetry-breaking corrections, while ignore the heavy quark symmetry
corrections in the calculation.
III. SINGLE-PION DECAY OF EXCITED HEAVY MESONS
Using the Lagrangian given in Section II, the formulae of the single-pion decays Sa →
Hbπ
i (a, b = u, d, s and i = 1, 2, · · · , 8), shown in Fig. 2, are
Γ(P
′
1a → P ∗b πi) =
1
8π
MP ∗
b
MP ′
1a
E2pii |~Ppii|θ2abF i2ab , (6a)
Γ(P ∗0a → Pbπi) =
1
8π
MPb
MP ∗
0a
E2pii |~Ppii|θ2abF i2ab , (6b)
where the decay amplitudes F iab read
F iab =
2h
fpi
λiab +
4κ1
Λχfpi
λiac(mq)cb +
4κ2
Λχfpi
λiab(mq)cc
+
4κ3
Λχfpi
λicd(mq)dcδab +
4κ4
Λχfpi
λicb(mq)ac −
2κ5
Λχfpi
λiabEpii −
2κ6
Λχfpi
λiabEpii . (7)
In the expressions, θab = θ for ab = 33 (while 1 for other abs), κ
′
5 = κ5 + κ6, and λ
i
is the corresponding coefficient matrix of πi in the definition of M = πiλi. The η − π0
mixing angle is θ =
√
3
4
md −mu
ms − (mu +md)/2, accounting for the isospin violation. From this
formula, as mentioned in Ref. [38], the following transformations of the parameters are
helpful:
(i) As κ2 can be absorbed into the definition of h, we set h
′
= h+ 2(mu+md+ms)
Λχ
.
(ii) As κ5 and κ6 always enter in a fixed combination, they are properly represented by a
united parameter κ
′
5 = κ5 + κ6.
(iii) For κ1 and κ4, if we define κ
′
1 =
κ1+κ4
2
and κ
′
4 =
κ1−κ4
2
, they will be distinguishable
that κ
′
1 concerns only the isospin conserving contributions, while κ
′
4 involves only the
isospin violating contributions.
6Finally, we rewrite the decay amplitudes as follows:
for cq¯ mesons,
F iab =
2h
′
fpi
+
4κ1′
Λχfpi
(mu +md) +
4κ4′
Λχfpi
(md −mu)gab
− 4κ3
Λχfpi
(md −mu)δab − 2κ
′
5
Λχfpi
Epii , (8)
while for cs¯ mesons,
F iab =
2h
′
fpi
+
8κ1′
Λχfpi
ms +
2κ3
Λχfpi
(2ms −md −mu)− 2κ
′
5
Λχfpi
Epii , (9)
where gab is an auxiliary sign function which satisfies gab = 1 for a < b and gab = −1 for
a ≥ b. Thus we can see that by these transformations the seven undetermined parameters
are cut down to five in the cq¯ case and to four in the cs¯ case where the isospin violating
terms (κ
′
4) no longer appear. Furthermore, it is remarkable that the κ3 terms, which
give the isospin violating contributions in the cq¯ case when the final pion state is π0,
become important in the cs¯ case where they contribute to the isospin conserving transitions.
Therefore, we don’t choose to neglect the isospin violating effects in our calculation.
The experimentally observed excited heavy-light mesons of S doublet are D∗00 (2400),
D∗±0 (2400), D
′0
1 (2430), D
∗
s0(2317) and D
′
s1(2460). Their measured masses and widths, as
well as the observed single-pion strong decay modes (SPSDMs), are listed in Table II. We
can see from the data that:
(i) Though the masses of D∗00 and D
∗+
0 are still decoupled, the discrepancy has been
greatly shrinked by the new experiments in 2015. Thus it will do good for the
determination of the κis.
(ii) Though the two SPSDMs D∗s0D
∗+
s π
0 and D
′
s1D
+
s π
0 are also listed in the table, we
don’t take them into account since they are actually negligible as we can see from
Ref. [31]:
Γ(D∗s0(2317)→ D∗+s π0)
Γ(D∗s0(2317)→ D+s π0)
< 0.11, (10)
P
′
1a(v, ǫµ) P
∗
b (v, ǫν)
πi
(a)
P ∗0a(v) Pb(v)
πi
(b)
FIG. 2: (a) P
′
1a → P ∗b pii, (b) P ∗0a → Pbpii.
7and
Γ(D
′
s1(2460)→ D+s π0)
Γ(D
′
s1(2460)→ D∗+s π0) + Γ(D′s1(2460)→ D∗+s0 (2317)γ)
< 0.042,
Γ(D
′
s1(2460)→ D∗+s0 (2317)γ)
Γ(D
′
s1(2460)→ D∗+s π0) + Γ(D′s1(2460)→ D∗+s0 (2317)γ)
< 0.25. (11)
Additionally, it should be aware that the two 1+ states D
′0
1 (2430) and D
0
1(2420), cor-
responding to spl = 1/2
+ and spl = 3/2
+ respectively, may mix with each other. However,
the experimental measurement of Belle Collaboration [30] says that the mixing angle is
ω = −0.10 ± 0.03± 0.02± 0.02, suggesting that such a mixing can be safely neglected [6]
and D
′0
1 (2430) can be regarded as 1
+(sl =
1
2
) state. Thus we don’t include the mixing of
these two axial states in this work.
In the bottom sector, no candidate of the S doublet bottom partners has ever been
observed. However, in the heavy quark limit, the heavy quark flavor symmetry guarantees
that the chiral symmetry-breaking coupling constants between the bottom doublets are
the same as the coupling constants between the corresponding charm doublets. Thus with
h and κis determined by the experimental data in Table II, we obtain the decay rates of
SPSDMs of the mesons in bottom S doublets by taking use of their predicted masses listed
in Table III in the same framework of HHχPT [6].
TABLE III: Predicted masses [6] of experimentally unobserved S doublet bottom partners under
the same theoretical framework of this work and the suggested SPDMs.
JP Mass(MeV) Suggested SPDMs
B∗00 0
+ 5708.2 ± 22.5 B+pi−, B0pi0
B∗±0 0
+ 5708.2 ± 22.5 B0pi+, B0pi±
B
′0
1 1
+ 5753.3 ± 31.1 B∗+pi−, B∗0pi0
B∗s0 0
+ 5706.6 ± 1.2 B+s pi0
B
′
s1 1
+ 5765.6 ± 1.2 B∗+s pi0
Based on the formulae Eqs. (6) and (8), decay widths of the exclusive transitions from
an observed cq¯ S doublet meson to a cq¯ H doublet meson and a single pion (shown in Fig.
2) are obtained as
8Γ(D∗00 → D+π−) =
1
8π
MD+
MD∗0
0
E2pi−|~Ppi−|[
2h
′
fpi
+
4(md +mu)
Λχfpi
κ
′
1
+
4(md −mu)
Λχfpi
κ
′
4 −
2Epi−
Λχfpi
κ
′
5]
2 , (12a)
Γ(D∗+0 → D0π+) =
1
8π
MD0
MD∗+
0
E2pi+ |~Ppi+|[
2h
′
fpi
+
4(md +mu)
Λχfpi
κ
′
1
− 4(md −mu)
Λχfpi
κ
′
4 −
2Epi+
Λχfpi
κ
′
5]
2 , (12b)
Γ(D
′0
1 → D∗+π−) =
1
8π
MD∗+
MD′0
1
E2pi−|~Ppi−|[
2h
′
fpi
+
4(md +mu)
Λχfpi
κ
′
1
+
4(md −mu)
Λχfpi
κ
′
4 −
2Epi−
Λχfpi
κ
′
5]
2 , (12c)
Γ(D∗00 → D0π0) =
1
16π
MD0
MD∗0
0
E2pi0 |~Ppi0|[
2h
′
fpi
+
4(md +mu)
Λχfpi
κ
′
1
− 4(md −mu)
Λχfpi
κ
′
4 −
4(md −mu)
Λχfpi
κ3 − 2Epi0
Λχfpi
κ
′
5]
2 , (12d)
Γ(D∗+0 → D+π0) =
1
16π
MD+
MD∗+
0
E2pi0 |~Ppi0|[
2h
′
fpi
+
4(md +mu)
Λχfpi
κ
′
1
− 4(md −mu)
Λχfpi
κ
′
4 −
4(md −mu)
Λχfpi
κ3 − 2Epi0
Λχfpi
κ
′
5]
2 , (12e)
Γ(D
′0
1 → D∗0π0) =
1
16π
MD∗0
MD′0
1
E2pi0 |~Ppi0|[
2h
′
fpi
+
4(md +mu)
Λχfpi
κ
′
1
− 4(md −mu)
Λχfpi
κ
′
4 −
4(md −mu)
Λχfpi
κ3 − 2Epi0
Λχfpi
κ
′
5]
2 . (12f)
As to D∗s0(2317) and D
′
s1(2460), their decays to the corresponding H doublet mesons
and the single pion state π0 occur through the intermediate η meson, as shown in Fig. 1.
The decay widths are
Γ(D∗+s0 (2317)→ D+s η → D+s π0) =
1
12π
MD+s
MD∗+s0
E2pi0 |~Ppi0|θ2
× [2h
′
fpi
+
8ms
Λχfpi
κ
′
1 ++
2(2ms −mu −md)
Λχfpi
κ3 − 2Epi0
Λχfpi
κ
′
5]
2 , (13a)
Γ(D
′+
s1 (2460)→ D∗+s η → D∗+s π0) =
1
12π
MD∗+s
M
D
′+
s1
E2pi0 |~Ppi0|θ2
× [2h
′
fpi
+
8ms
Λχfpi
κ
′
1 ++
2(2ms −mu −md)
Λχfpi
κ3 − 2Epi0
Λχfpi
κ
′
5]
2 . (13b)
In calculations above, the normalization relations for annihilation operators Pa, P
∗
aµ,
9P ∗0a, P
′
1aµ are
〈0|Pa|Qq¯(0−)〉 =
√
MH , 〈0|P ∗aµ|Qq¯(1−)〉 = εµ
√
MH ,
〈0|P ∗0a|Qq¯(0+)〉 =
√
MS, 〈0|P ′1aµ|Qq¯(1+)〉 = εµ
√
MS .
IV. NUMERICAL RESULTS
In the numerical evaluation, the quark masses and coupling constant are adopted as
mu = 2.2
+0.6
−0.4 MeV, md = 4.7
+0.5
−0.4 MeV, m¯ =
mu+md
2
= 3.5+0.7−0.3 MeV, ms = 96
+8
−4 MeV
and fpi = 130.4 MeV [31], and we get md − mu = 2.5+0.8−0.6 MeV by adding the errors in
quadrature. The η − π0 mixing angle is θ ≃ 0.01 [39].
We firstly estimate h by fitting experimentally measured decay widths of the S doublet
mesons in Table II considering only the leading order contribution. We obtain h = 0.50±
0.05 from D∗00 (2400), h = 0.43±0.03 from D∗±0 (2400), and h = 0.71±0.19 from D′01 (2430).
The errors come from the uncertainties of the measured masses and widths of the mesons
in that doublet. The weighted average is
h = 0.44± 0.02, (14)
with χ2/2 = 1.78. As is commented in Ref. [31], though acceptable, this fit is not good
and we need to scale up the error by a factor of s =
√
(χ2/2) = 1.33. Thus we get
finally h = 0.44± 0.03. However, we can see from it that it is necessary to do the further
calculation beyond the leading order. This result nicely agrees with the results from the
effective Lagrangian approach [6], the QCD sum rules outcome [40] and the lattice QCD
determination [41]. With the gained h, at the leading order, we compute the single-pion
decay widths of the cs¯ S doublet D∗s0(2317), D
′
s1(2460) and of their bottom partners, shown
separately in Table VI and Table VII. Moreover, fitted widths of the cq¯ S doublet mesons
are shown in Table IV to see the effectiveness of this weighted average approach. The
errors therein are contributed by the error of h and the uncertainties of their masses. It
can be seen from the results that considering only the leading order is actually not enough,
which proves the necessity of doing the chiral symmetry-breaking corrections calculation
beyond the leading order.
Before conducting the minimization of χ2 to extract the unknown symmetry-breaking
coupling constants κis, we need to acquire the reasonable ranges of these parameters,
assuming the corrections to be moderate and thus maintaining the convergence of the
perturbation series. Specifically, following the approach of Ref. [38], we assume that each
correction term change the leading order contribution by less than 30%. Setting h
′
to be
just the leading order weighted average result h = 0.44± 0.03, the upper bounds of these
parameters are roughly obtained:
|κ′1| < 1.35, |κ3| < 1.40, |κ
′
4| < 1.35, |κ
′
5| < 0.50. (15)
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TABLE IV: Comparison of the single-pion decay widths (all in MeV) of cq¯ S doublet mesons from
experiments Γ(exper), with only leading order contributions Γ (leading) and the ones including
the chiral-symmetry breaking terms Γ (full).
D∗00 (2400) D
∗±
0 (2400) D
′0
1 (2430)
Mass(MeV) 2318 ± 29 2351 ± 7 2427 ± 26± 25
Γ(exper) 267± 40 230 ± 17 384 ±10775 ±74
Γ(leading) 236± 43 275 ± 21 217 ± 75
Γ(full) 252± 52 282 ± 36 245 ± 90
Here, we should be aware that though the coefficients of κ
′
1, κ3 and κ
′
4 are of order 1% ,
i.e. 4(md ±mu)/Λχfpi ∼ 10−4, compared to the coefficients of h′ and κ′5 for cq¯ mesons (see
Eq. (12)), they are at the same order for the cs¯ mesons due to the relatively large value of
ms (see Eq. (13)). As a result, the upper bounds of all the κis are of the same order.
Next, we will determine the 1/Λχ chiral symmetry-breaking coupling constants within
their bounds using the available experimental data by χ2 fitting following the approach in
Ref. [2]. The χ2 function is
χ2 =
3∑
i=1
(Γ
(i)
theo − Γ(i)exp)2
(δΓ
(i)
exp)2
, (16)
where Γ
(i)
exp and δΓ
(i)
exp are the experimentally measured widths and errors of D∗00 (2400),
D∗±0 (2400) and D
′0
1 (2430); Γ
(i)
theo are the numerical values corresponding to a set of given
symmetry-breaking coupling constants. Herein, as the chiral corrections are included, the
leading order coupling constant h is transferred to h
′
and should be treated as an unknown
parameter now. Thus, with the transformations of the couplings (listed in Section III), in
total, there are five parameters to be determined. However, only two of them are truly free
as three ones are totally constrained by three experimentally measured decay widths in the
S doublet (listed in Table II). Furthermore, in the case of cq¯ S doublet mesons, coefficients
of κ3 and κ
′
4 are smaller than those of κ
′
1 and much smaller (of order 1%) than those of
h
′
and κ
′
5. Thus considering that all the parameters are constrained within the allowed
ranges in Eq. (15), we can infer that almost all the contributions to the decay rates of cq¯
mesons should be attributed to the h
′
, κ
′
5 and κ
′
1 terms. Therefore the minimization of χ
2
should be reliable on h
′
, κ
′
5 and κ
′
1, while less reliable on κ3 and κ
′
4. However, it should be
kept in mind that the κ3 and κ
′
4 terms cannot be neglected, since they are important to
decay rates of the cs¯ doublet mesons as can be seen from Eq. (13).
For comparison, we do firstly the χ2 fitting of h
′
by setting all κis to be 0. The result
is h
′
= 0.48 ± 0.02, which nicely agrees with the weighted average in Eq. (14), but the
corresponding χ2/2 is pretty large, varying from 1.44. to 1.86 (uncertainties originate from
the choices of the masses of particles involved within their measured errors). This also
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TABLE V: Results of the six 1/Λχ parameters by minimizing χ
2 (only central values).
h
′
κ
′
1 κ2 κ
′
4 κ
′
5 χ
2/2
0.56 ± 0.01 0.86 ± 0.11 0.52 ± 0.26 0.40 ± 0.31 0.28± 0.03 0.66 ± 0.01
indicates that it is not enough taking into account only the leading order contributions.
Then including the chiral corrections, we carry out the minimization in its five dimensional
domain (h
′
, κ
′
1 κ3, κ
′
4 and κ
′
5, two of which are truly free) within the bounds in Eq.
(15). We find that the minimum of χ2 depends mainly on the choice of the masses of
involved particles within their measured errors, especially for D∗00 , D
∗+
0 and D
′
1, and also
on the starting point of h
′
and κis within their bounds slightly. Therefore, we repeat the
procedure of optimization with different sets of starting point of κis and of the masses
of involved particles until we are confident that we have found the absolute minimum.
The final couplings are shown in Table V. The errors therein stem from the fact that
the value of χ2 varies slightly and even indistinguishably around the absolute minimum
when we slightly change the values of the couplings acquired. The corresponding χ2/2
is 0.66 ± 0.01, satisfying the demand χ2/2 < 1. This suggests that our optimization is
effective here and that the result is truly improved in comparison with just the leading
order calculation, which are also demonstrated in the comparisons in Table IV. The main
contribution to the value of χ2 comes from the relatively large discrepancy between the
decay rates of D∗0 and D
′
1 mesons.
We now turn to the estimation of the single-pion strong decay rates of D∗s0(2317) and
D
′
s1(2460). With all the couplings determined, the numerical results of their decay rates
are
Γ(D∗s0(2317)→ D+s π0) = 9.2± 2.3 KeV,
Γ(D
′
s1(2460)→ D∗+s π0) = 9.0± 2.1 KeV, (17)
where the errors are from the uncertainties of their measured masses and the couplings. The
results are consistent with the experimental constraints in the second line of Table II and
comparable with other theoretical works in the literature as is demonstrated in Table VI.
It is shown that both D∗s0(2317) and D
′
s1(2460) are quite narrow and the chiral symmetry-
breaking corrections are significant compared to the leading-order ones, the main reason of
which is that ms is relatively large. In details, in the cs¯ picture, our results are pretty close
to those of Ref. [12, 13] in the constituent quark model, Ref. [14] based on heavy quark
symmetries and vector meson dominance ansatz and Ref. [22] using the QCD sum rules in
the four-quark picture, while larger than those of Ref. [9–11] using a potential model, light
cone QCD sum rules and the 3P0 model respectively, but much lower than those of Ref.
[15, 21] in the covariant level-classification scheme and the four-quark picture. Moreover, in
expectation, our results are much lower than those of Ref. [16–19] in the molecule picture.
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TABLE VI: Strong decay rates of D∗s0(2317) to Dspi
0 and D
′
s1(2460) to D
∗
spi
0 (in KeV).
Approach Γ(D∗s0 → Dspi0) Γ(D
′
s1 → D∗spi0)
Experiments [31] < 3.8MeV < 3.6MeV
Ref. [8] 21.5 21.5
Ref. [9] 16 32
Ref. [10] 34− 44 35− 51
Ref. [11] 32 35
Ref. [12] ≈ 10 ≈ 10
Ref. [13] 3.68 − 8.71 1.86 − 4.42
Ref. [14] 7± 1 7± 1
Ref. [15] 150± 70 150 ± 70
Ref. [16] 46.7 − 111.9 50.1 − 79.2
Ref. [17] 96± 19 78± 14
Ref. [18] 180 ± 110 -
Ref. [19] 133± 22 -
Ref. [21] 10− 100 -
Ref. [22] 6± 2 -
Γ(leading) 5.0 ± 1.0 4.9± 1.0
Γ(full) 9.2 ± 2.3 9.0± 2.1
Experimentally, no candidate of the S doublet of the excited heavy-light beauty mesons
is observed. Nevertheless, with masses predicted by P. Colangelo et al. in Ref. [6] under
the same framework, we can obtain the single-pion decay widths of these mesons, which
have the same formulae with the corresponding charmed ones. The masses of B∗s0 and B
′
s1
predicted in Ref. [6] are
MB∗0s0 = 5706.6± 1.2 MeV,
MB′0s1
= 5765.6± 1.2 MeV, (18)
just below the BK and BK∗ thresholds (5777 MeV and 6125 MeV respectively) and
B∗0s0 B
0
s
η
π0
(a)
B
′0
s1 B
∗0
s
η
π0
(b)
FIG. 3: (a) B∗0s0 → B0s + η → B0s + pi0, (b) B
′0
s1 → B∗0s + η → B∗0s + pi0.
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TABLE VII: Predicted masses of the S doublet beauty mesons (in MeV). And strong decay
widths of B∗0 and B
′
1 (in MeV), B
∗
s0 and B
′
s1 (in KeV).
B∗0(0
+) B
′
1(1
+) B∗s0(0
+) B
′
s1(1
+)
Mass[6] 5708.2 ± 22 5753.3 ± 31 5706.6 ± 1.2 5765.6 ± 1.2
Γ[6] 269± 58 268 ± 70 - -
Γ[8] - - 21.5 21.5
Γ[17] - - 0.8± 0.8 1.8± 1.8
Γ[43] - - 6.8 − 30.7 5.7 − 20.7
Γ[44] - - 13.6 ± 5.6 13.8 ± 3.6
Γ[45] 87 93 1.6 1.9
Γ[46] - - 55.2− 89.9 57.0− 94.0
Γ(leading) 284± 47 286 ± 52 6.5± 0.1 7.1± 0.1
Γ(full) 313± 53 314 ± 67 11.6 ± 1.6 12.3 ± 1.7
therefore those two mesons are expected to be very narrow, with dominant strong decays
to Bsπ
0 and B∗sπ
0 through also the η − π0 mixing shown in Fig. 3, as is recommended in
the Ref. [42]. Our numerical results are shown in Table VII, with the errors originating
from the errors of their predicted masses and the couplings. The approaches include the
HHχPT in Ref. [6, 8], the light cone QCD sum rules in Ref. [43], the improved Bethe-
Salpeter method in Ref. [44] and a relativistic potential model in Ref. [45] in the bs¯ (bq¯
for non-strange mesons) picture, and effective field theories in Ref. [17] and Ref. [46] in
the molecule picture. It can be seen that the results vary widely from different approaches
in literatures and our results are very close to the results of the improved Bethe-Salpeter
method in Ref. [44] and comparable with the results of Refs. [6, 8, 17, 43], while much
lower that those of Ref. [46] in the molecular scenario, expectedly. We can also learn that
the chiral symmetry-breaking corrections of bq¯ are small in comparison with the leading
order contributions, while those of bs¯ are significant, which is mainly because that ms is
relatively large compared to mq.
In summary, we investigate the strong decays of the exotic states D∗s0(2317) and D
′
s1
(2460), within the framework of HHχPT. Considering the chiral symmetry-breaking ef-
fects, the effective heavy hadron chiral Lagrangian up to terms of next-to-leading order in
1/Λχ is given. Single-pion decay widths of charmed heavy mesons and the corresponding
beauty ones in the heavy quark spin-flavor symmetry are calculated. Using the existing
experimental data of the non-strange partners of D∗s0(2317) and D
′
s1(2460), the coupling
constants are estimated by minimizing χ2. Numerical analysis shows that our results are
consistent with the experimental constraints and comparable with the other theoretical
works in the literature. And the chiral symmetry-breaking corrections of cq¯ (bq¯) are small
in comparison with the leading order contributions, while those of cs¯ (bs¯) are significant
14
due to large mass of the strange quark. The confirmation of such predictions is expected
in the near future by experiments at the LHCb and the hadron B factories.
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